Background: Although there is widespread interest in understanding how models of care for delivering antiretroviral therapy (ART) may influence patient outcomes, family-focused approaches have received little attention. In particular, there have been few investigations of whether the co-enrollment of HIV-infected family members may improve adult ART outcomes over time.
INTRODUCTION
Over the past decade, there has been a dramatic increase in the numbers of HIV-infected individuals receiving antiretroviral therapy (ART) across sub-Saharan Africa. At the end of 2012, there were more than 7 million individuals receiving ART, an increase of .90% over the preceding decade. 1 With increasing numbers of individuals on treatment, there is widespread interest in understanding how the design and implementation of health care services to deliver ART may influence patient outcomes. 2 Although morbidity and mortality are key outcomes for patients on treatment, there is recognition that loss to follow-up (LTF) presents a fundamental challenge to maximizing the benefits of HIV care and treatment services. 3 In turn, there is ongoing interest in how service delivery models may influence the risk of death or LTF among HIV-infected patients, independent of patient characteristics. Studies over the past decade have identified aspects of ART service implementation that were associated with improved patient outcomes. For example, studies have compared outcomes of primary care versus hospitalbased ART services, the role of task-shifting of ART services to nurses, and more recently, the effectiveness of communitybased models of ART provision. [4] [5] [6] Despite the attention devoted to different models of service delivery, there has been relatively little attention given to the potential of family-focused approaches for enhancing outcomes of HIV care and treatment. 7 Most ART services engage patients as individuals, with little attention to their families or other social contexts, despite evidence from other chronic conditions that family support can be a key determinant of outcomes, [8] [9] [10] and to the reality that many HIV-infected individuals in sub-Saharan Africa live in households where immediate family members are also likely to be infected as well. 11 Thus, it is plausible that health care services that engage families may offer advantages in terms of improving retention in care and adherence with ART over the long run. 12 To date, most research on the role of family support in influencing HIV care and treatment outcomes has centered on outcomes for HIV-infected children. [13] [14] [15] This literature suggests that care for HIV-infected children may be strengthened by a family-friendly service environment; however, there is paucity of data on the role of familyfocused ART services on adult treatment outcomes. 16, 17 We investigated the effect of providing HIV care and treatment services to HIV-infected family members on HIVrelated outcomes of women initiating ART. Using data from the mother-to-child transmission (MTCT)-Plus Initiative, a multicountry HIV care and treatment program in subSaharan Africa, we tested the hypothesis that HIV-infected women with other HIV-infected family members co-enrolled in care at the same service delivery site would have significantly different outcomes when compared with women who did not have family members in care at the same site.
METHODS
Data for this analysis were derived from the MTCT-Plus Initiative, which supported the enrollment of patients across 12 sites in 8 sub-Saharan African countries: Cameroon, Cote d'Ivoire, Kenya, Mozambique, Rwanda, South Africa, Uganda, and Zambia. The program has been described in detail previously. [18] [19] [20] In brief, pregnant or postpartum HIV-infected women (here referred to as index women) were recruited from prevention of mother-to-child transmission (PMTCT) programs and enrolled into ongoing HIV care and treatment services. Women were enrolled regardless of ART eligibility and received comprehensive care during follow-up, including ART when indicated based on national guidelines. At enrollment and throughout follow-up, women were encouraged to have their partners and children tested for HIV and such testing was available at all sites. Family members found to be HIV infected were encouraged to join the program; however, this was not required.
HIV care, including ART, was provided according to WHO and national guidelines. Although specific ART regimens varied between countries as well as over time, they typically included 2 nucleoside reverse transcriptase inhibitors and a nonnucleoside reverse transcriptase inhibitor as the first-line regimen. Standardized clinical data collection forms were used to collect basic clinical and sociodemographic information at all sites, and the clinical forms of family members were linked to the index woman by the use of her unique program identification number.
Data were analyzed using Stata (version 12.0; Stata Corporation, College Station, TX). We restricted analyses to women initiating ART within MTCT-Plus (index women), and classified each woman according to whether any type of family member (child or partner) was also enrolled into the program before or after the woman's date of ART initiation. This variable was divided into 4 categories: women with no co-enrolled family member, with co-enrolled HIV-infected child only, with co-enrolled HIV-infected partner only, or with co-enrollment of both HIV-infected children and partners. In subanalyses, these categories were collapsed into a binary measure: women with co-enrolled family members versus none. In examining factors associated with these categories, bivariate comparisons used Fisher exact tests (for proportions), Student t tests (for mean values), and Wilcoxon rank-sum tests (for medians); all statistical tests are 2 sided at a = 0.05.
The primary outcomes for this study were death or LTF, defined as more than 6 months since the last clinic visit without program contact. Kaplan-Meier methods were used to examine the proportions of women who died or were lost to follow-up, after ART initiation, according to the coenrollment of family members. Cox's proportional hazards models were used to estimate the relative hazard of each outcome separately, with family member co-enrollment included as time-varying covariate. Multivariable models were used to examine the association between family member co-enrollment and outcomes among index women while adjusting for the following: women's age, education level, WHO clinical stage, and nadir CD4 + cell count before ART initiation. All models were stratified by site of enrollment, and results are presented as hazard ratios (HRs) with 95% confidence intervals (CIs).
RESULTS
Overall, 2877 women initiated ART across the 12 sites between 2003 and 2007. Table 1 describes the characteristics of index women initiating ART by age category. The median age was 28 years (interquartile range [IQR], 25-32). Levels of parity, employment, and marriage/cohabitation were lower among younger women, whereas older women had lower CD4 + cell counts and higher WHO clinical stage, on average, at the time of ART initiation.
Across all sites, 31% of women (n = 880) had at least 1 HIV-infected family member enrolled into care at the same site, including 24% of women (n = 689) who had an HIVinfected partner, and 10% (n = 295) who had an HIV-infected child co-enrolled. Four percent (n = 104) of women had both an HIV-infected child and an HIV-infected partner coenrolled. Sixty-nine percent of HIV-infected partners, and 87% of HIV-infected children, were co-enrolled before or at the time of index woman's ART initiation. Among partners, the median age was 35 years (IQR, 30-39); among children, the median age at enrollment was 2 years (maximum, 4 years), and 49% of the children were male. For both categories of HIV-infected family member, the majority of the remainder of co-enrollments took place within 180 days after ART initiation by the index woman. Table 2 compares the index women who had an HIVinfected partner or HIV-infected child co-enrolled to women who had no family member co-enrolled in care at the site. The proportion of women who had an HIV-infected partner coenrolled varied from 1% at the site in Cape Town, South Africa, to 14% at the sites in Cameroon and Soweto, South Africa. The proportion of women who had an HIV-infected child co-enrolled varied from 1% in Mozambique to 23% in Kampala, Uganda.
Co-enrollment of family members was strongly patterned with respect to demographic and clinical characteristics at the time of women's ART initiation. Women who had HIV-infected family members co-enrolled were older (although this was only statistically significant for coenrollment of HIV-infected children, P , 0.001) and less likely to be nulliparous (P , 0.001). Measures of socioeconomic status, such as education, employment, access to piped water, and electricity in the home, all appeared lower in women who co-enrolled family members, although differences did not reach statistical significance for all comparisons. In addition, women who had HIV-infected partners and/or HIV-infected children co-enrolled into care were more likely to be married or cohabiting at the time of ART initiation, compared with women who did not (91% and 61%, versus 59%; P , 0.001 and 0.080, respectively).
Overall, there were 320 women lost to follow-up and 141 deaths during up to 5.2 years of follow-up. The median duration of follow-up of index women from the time of ART initiation was 1.9 years (IQR, 0.7-3.3). Figure 1 shows the Kaplan-Meier curves for death and LTF for women with and without an HIV-infected family member co-enrolled into care. There was no significant difference in the risk of death between women who did and did not have an HIV-infected family member co-enrolled (logrank P = 0.286). However, the risk of LTF was greatest among women who did not have an HIV-infected family member co-enrolled (19% after 36 months on ART) compared with women who had an HIV-infected family member co-enrolled (3%-8% after 36 months on ART) (log-rank P , 0.001). Table 3 shows the results of proportional hazards models of the association between co-enrollment of an HIVinfected partner and/or HIV-infected child and the outcomes of index women on ART, stratified by site. There was no association between co-enrollment of HIV-infected family members and women's risk of death in crude or adjusted analyses. However, risks of LTF were significantly lower in women who had an HIV-infected partner co-enrolled multivariable models for LTF were restricted to women who had an HIV-infected family member co-enrolled before the date of ART initiation, these associations remained (data not shown). When the analysis was restricted to women who had at least 1 family member co-enrolled, women who had only an HIV-infected child co-enrolled were less likely to be lost to follow-up than women who had only an HIV-infected partner co-enrolled (HR, 0.43; 95% CI: 0.16 to 1.13, P = 0.088), although this association did not reach statistical significance. In stratified analyses (Table 4) , the association between co-enrollment of an HIV-infected family member and reduced risk of LTF was persistent across subgroups of marital/cohabiting status, age categories, and parity categories. In a site-specific analysis, the corresponding HRs varied from 0.12 (at the Cameroon site) to 0.95 (at one of the Ugandan sites), with broad CIs.
DISCUSSION
Although the concept of family-focused HIV care has been discussed previously, largely in the context of pediatric HIV treatment, there have been few empirical investigations into how co-enrollment of HIV-infected family members within a single ART program may influence adult treatment outcomes. Our study provides novel evidence for the association between outcomes in HIV-infected adults and co-enrollment of HIV-infected family members into care. Although there was no link in our study between women's mortality in ART programs and co-enrollment of a family member, there was a strong and persistent association between co-enrollment of an HIV-infected partner and/or child and reduced risk of LTF on ART. The paucity of data on this issue is itself notable and is likely a reflection of the overriding orientation of HIV programs, as with most health services, toward the management of individual patients. 12 However, as one of the unique features of the MTCT-Plus Initiative was the focus on family-centered care, the programs strongly encouraged HIV testing of family members of index women enrolled from PMTCT services and the enrollment of those found to be HIV infected in HIV care and treatment. In addition, it collected data on the co-enrollment of infected family members linking them to the index women, thus offering the unique opportunity to provide insights into an overlooked but potentially valuable aspect of ART program design.
Loss to follow-up is a major concern facing ART programs in countries across sub-Saharan Africa. Failure to retain patients on ART threatens the benefit to individuals of ART as well as reducing the potential population benefits of treatment as prevention 21 ; for HIV-infected women, retention on ART is essential for their own health and due to their importance as caregivers for their children and households. 18 In our study, the overall levels of LTF seemed somewhat lower than those observed in other cohorts from similar settings, 22 but despite this, we demonstrated that women's risk of LTF decreased by approximately 50% when an HIV-infected family member was co-enrolled. This association was consistent across subgroups of age, parity, partner status, and site. The strength and consistency of this finding highlights the central role that family and social support can play in shaping health-seeking behaviors among HIV-infected individuals. The results also point to family-level factors as a potentially important avenue for interventions to promote retention. Although not all patients initiating ART have an HIV-infected family member who may be enrolled into care, the findings demonstrate the need for models of HIV care that encourage family-focused approaches, when appropriate. 7 This study has several strengths. It enrolled a large number of patients and their family members from diverse settings in 8 sub-Saharan African countries, facilitating the generalizability of findings. The key association noted was largely consistent across programs in different countries, as well as across clinical and demographic subgroups. However, this analysis is subject to several limitations. The index patients were all women who were enrolled from PMTCT programs and such individuals may differ from other HIVinfected adults, and in particular, further work is needed to examine whether similar findings would be observed among men. In addition, we used only a relatively crude surrogate measure of engagement in family-focused care, specifically, whether another HIV-infected family member was enrolled within the same program. This measure does not allow exploration of the specific aspects of co-enrollment that may influence retention outcomes-such as disclosure, social support, patient-level economic savings, or other issues. Nonetheless, these data point to the need for further research to understand the ways in which co-enrollment in HIV services operates to improve outcomes.
The findings from our study are particularly salient given the 2013 WHO guidelines, which recommend the universal initiation of ART in all HIV-infected pregnant and breastfeeding women (option B+) 23 as well as more recent attention to understanding optimal models for service delivery. 24 This is likely to result in a dramatic increase in the numbers of HIV-infected pregnant women on ART in many parts of Africa. Early data from option B+ programs raise concerns regarding the retention in pregnant and postpartum women on ART under the option B+ strategy. 25 Our data suggest that models of service delivery that seek to engage HIV-infected children and/or partners in care may lead to better retention outcomes for women on ART. Such an approach should be pursued to enhance retention of patients on ART, including women engaged in option B+. In summary, this study demonstrates that HIV-infected women on ART who have other HIV-infected family members co-enrolled into care may be less likely to be lost to follow-up from treatment programs. Based on these data, interventions that build on women's family contexts and that recognize HIV as a condition that often involves multiple family members warrant further consideration in both research and policies to promote retention in ART services across sub-Saharan Africa.
